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(57) Abstract: Techniques for efficient allocation of channelization codes are disclosed. In one aspect, a dedicated data channel 
is partitioned into a primary channel and a secondary channel (610). The rate of the primary channel is a relatively low fixed rate. 
The rate of the secondary channel varies over time in accordance with the rate of the dedicated channel data. In another aspect, a 
channelization code indicator is transmitted in the primary channel to identify the secondary channel. In yet another aspect, more 
than one secondary channel may be deployed. Various other aspects are also presented. These aspects have the benefit of efficient 
code resource allocation, resulting in increased support for users/and or channels, as well as increased system capacity. 
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DYNAMIC CHANNELIZATION CODE ALLOCATION 

CROSS REFERENCE 
[1001] The present application for patent claims priority to U.S. Provisional 
Application No. 60/384,990 entitled, "Method and Apparatus for Dynamic Code 
Allocation in a CDMA Communication System" filed May 31 , 2002, and assigned 
to the assignee hereof and hereby expressly incorporated by reference herein. 

BACKGROUND 

Field 

[1002] The present invention relates generally to communications, and more 
specifically to a novel and improved method and apparatus for dynamic 
channelization code allocation in a communication system. 

Background 

[1003] Wireless communication systems are widely deployed to provide various 
types of communication such as voice and data. These systems may be based on 
code division multiple access (CDMA), time division multiple access (TDMA), or 
some other modulation techniques. A CDMA system provides certain advantages 
over other types of systems, including increased system capacity. 
[1004] A CDMA system may be designed to support one or more CDMA 
standards such as (1) the "TIA/EIA-95-B Mobile Station-Base Station Compatibility 
Standard for Dual-Mode Wideband Spread Spectrum Cellular System" (the IS-95 
standard), (2) the standard offered by a consortium named "3rd Generation 
Partnership Project" (3GPP) and embodied in a set of documents including 
Document Nos. 3G TS 25.211, 3G TS 25.212, 3G TS 25.213, and 3G TS 25.214 
(the W-CDMA standard), (3) the standard offered by a consortium named "3rd 
Generation Partnership Project 2" (3GPP2) and embodied in "TR-45.5 Physical 
Layer Standard for cdma2000 Spread Spectrum Systems" (the IS-2000 standard), 
(4) a data-only communication system such as the high data rate (HDR) system 
that conforms to the Tl A/El A/I S-856 standard (the IS-856 standard), (5) a system 
combining features of a system like the IS-2000 standard with features similar to 
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the IS-856 standard, such as detailed in documents entitled "Updated Joint 
Physical Layer Proposal for 1xEV-DV", submitted to 3GPP2 as document number 
C50-2001 0611 -009, June 11, 2001; "Results of L3NQS Simulation Study", 
submitted to 3GPP2 as document number C50-2001 0820-011, August 20, 2001; 
"System Simulation Results for the L3NQS Framework Proposal for cdma2000 
IxEV-DV", submitted to 3GPP2 as document number C50-2001 0820-01 2, August 
20, 2001, and related documents generated subsequently (the IxEV-DV 
proposal), and (6) other standards. 

[1005] Communication with multiple mobile stations may be supported using 
various types of channels in a wireless communication system, such as those 
listed above. For example, voice communications may be supported using a 
dedicated channel for each active voice call. Dedicated data channels may also 
be supported. In this situation, the number of simultaneous users served by a 
base station within given spectrum is limited by the supportable number of 
dedicated channels. One or more shared channels may also be deployed. 
Multiple mobile stations may access a shared channel using one of a variety of 
multiple access techniques, known in the art. Additional channels may be 
reserved for various signaling and system support functions. Each of the various 
systems listed above may provide support for multiple dedicated channels, one or 
more shared channels, or a combination of both. 

[1006] In a CDMA system, various channels can be distinguished through the 
use of channelization codes. Example channelization codes are orthogonal codes 
such as Walsh codes or Orthogonal Variable Spreading Factor (OVSF) codes. 
There are a limited number of codes available for a given spreading factor (SF), 
and thus the number of channels, including dedicated and shared channels, is 
limited for a given code space. In IS-95 systems, the fonward link capacity is 
limited by interference, and therefore the code space is sufficient for the number of 
supportable channels. However, advances in more recent systems reduce the 
effects of interference, allowing for additional simultaneous users, and thus 
increasing demand for codes to support the additional channels. 
[1007] Furthermore, channels using higher data rates may be desired. A 
higher data rate may be transmitted with a smaller spreading factor. Increased 
use of smaller spreading factors reduces the overall number of codes available. 
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[1008] Increase demand for codes, reduced available codes, or a combination 
of the two factors may cause the code space to be depleted in a given system 
configuration. Thus, capacity will be limited in situations where, due to advances 
in interference mitigation, additional users and/or increased data throughput would 
othenwise have been available. There is therefore a need in the art for efficient 
allocation of channelization codes. 

SUMMARY 

[1009] Embodiments disclosed herein address the need for efficient allocation 
of channelization codes. In one aspect, a dedicated data channel is partitioned 
into a primary channel and a secondary channel. The rate of the primary channel 
is a relatively low fixed rate. The rate of the secondary channel varies over time in 
accordance with the rate of the dedicated channel data. In another aspect, a 
channelization code indicator is transmitted in the primary channel to identify the 
secondary channel. In yet another aspect, more than one secondary channel may 
be deployed. Various other aspects are also presented. These aspects have the 
benefit of efficient code resource allocation, resulting in increased support for 
users/and or channels, as well as increased system capacity. 
[1010] The invention provides methods and system elements that implement 
various aspects, embodiments, and features of the invention, as described in 
further detail below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[1011] The features, nature, and advantages of the present invention will 
become more apparent from the detailed description set forth below when taken in 
conjunction with the drawings in which like reference characters identify 
correspondingly throughout and wherein: 

[1012] FIG. 1 is a general block diagram of a wireless communication system 

capable of supporting a number of users; 

[1013] FIG. 2 depicts an example channelization code tree; 
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[1014] FIG. 3 is a graphical representation of underutilized code space for an 
example variable rate signal; 

[1015] FIG. 4 is a block diagram of a wireless communication device, such as a 
mobile station or base station; 

[1016] FIG. 5 depicts example primary and secondary dedicated physical 
channel frames; 

[1017] FIG. 6 depicts an example channel mapping block for generating 
primary and secondary channels; 

[1018] FIG. 7 depicts a flowchart of an example embodiment of a method of 
transmitting a variable rate signal with dynamic channelization code allocation; 
[1019] FIG. 8 depicts a flowchart of an example embodiment of a method of 
receiving a variable rate signal with dynamic channelization code allocation; and 
[1020] FIG. 9 depicts example channels illustrating compressed mode. 

DETAILED DESCRIPTION 

[1021] FIG. 1 is a diagram of a wireless communication system 100 that may 
be designed to support one or more CDMA standards and/or designs (e.g., the W- 
CDMA standard, the IS-95 standard, the cdma2000 standard, the HDR 
specification, the 1xEV-DV proposal). In an alternative embodiment, system 100 
may also deploy any wireless standard or design other than a CDMA system, such 
as a GSM system. 

[1022] For simplicity, system 100 is shown to include three base stations 104 in 
communication with two mobile stations 106. The base station and its coverage 
area are often collectively referred to as a "cell". In IS-95 systems, a cell may 
include one or more sectors. In the W-CDMA specification, each sector of a base 
station and the sector's coverage area is referred to as a cell. As used herein, the 
term base station can be used interchangeably with the terms access point or 
Node-B. The term mobile station can be used interchangeably with the terms user 
equipment (UE), subscriber unit, subscriber station, access terminal, remote 
terminal, or other corresponding terms known in the art. The term mobile station 
encompasses fixed wireless applications. 



wo 03/103331 



PCT/US03/16054 



5 

[1023] Depending on the CDMA system being implemented, each mobile 
station 106 may communicate with one (or possibly more) base stations 104 on 
the fonward link at any given moment, and may communicate with one or more 
base stations on the reverse link depending on whether or not the mobile station is 
in soft handoff. The fonward link (i.e., downlink) refers to transmission from the 
base station to the mobile station, and the reverse link (i.e., uplink) refers to 
transmission from the mobile station to the base station. 

[1024] For clarity, the examples used in describing this invention may assume 
base stations as the originator of signals and mobile stations as receivers and 
acquirers of those signals, i.e. signals on the forward link. Those skilled in the art 
will understand that mobile stations as well as base stations can be equipped to 
transmit data as described herein and the aspects of the present invention apply in 
those situations as well. The word "exemplary" is used exclusively herein to mean 
"serving as an example, instance, or illustration." Any embodiment described 
herein as "exemplary" is not necessarily to be construed as preferred or 
advantageous over other embodiments. 

[1025] As described above, a wireless communication system 100 may support 
multiple users sharing the communication resource simultaneously, such as an IS- 
95 system, may allocate the entire communication resource to one user at time, 
such as an IS-856 system, or may apportion the communication resource to allow 
both types of access. A IxEV-DV system is an example of a system that divides 
the communication resource between both types of access, and dynamically 
allocates the apportionment according to user demand. 

[1 026] The data rate of a channel corresponds to a symbol rate, where symbols 
may represent one or more bits of data, depending on the modulation format. A 
common chip rate is used by all the channels, and so various symbol rates are 
spread to the common chip rate by applying a corresponding channelization code 
with a particular spreading factor. In other words, the symbol rate is the chip rate 
divided by the spreading factor. 

[1027] FIG. 2 depicts an example channelization code tree. A channelization 
code, CsF.index, is located at a node identified by the spreading factor, SF, and an 
index identifying one of the codes of a particular spreading factor. Multiple 
channels with different spreading factors may be transmitted simultaneously, so 
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long as the appropriate codes are selected. Any particular code is orthogonal to 
all the other codes in the tree, except for those of greater spreading factor 
branching from the code. Thus, the number of codes available for simultaneous 
transmission depends on the mix of codes in use at any particular time. For 
example, four channels of spreading factor 4 can be used together: 64,1 - 64,4. 
Alternatively, if a code with spreading factor 2 is used, C2,2 for example, then only 
two codes with spreading factor 4 can be used: 64,1 - C^,2. It can be seen that 
covering with the sequence 01 is not orthogonal to covering with either the 
sequence 0101 or 01 10. If code 62,2 is used, any valid combination of codes from 
the upper half of the tree can be used, but the remainder of the bottom tree would 
not be orthogonal. So, as another example, C2,2 can be used with four spreading 
factor 8 codes, Cs.i - Csa- Or, 62,2 can be used with one spreading factor 4 code, 
such as C4,i, with two spreading factor 8 codes, Cs.s - C8,4, for example. A tree of 
any size can be constructed. The tree size is limited if a maximum spreading 
factor is deployed. A maximum spreading factor, corresponding to the lowest 
supported data rate, is commonly specified in a communication system. 
[1028] It can be seen that the choice of codes selected can affect the 
availability of other codes. For example, if four SF 8 codes are desired, selecting 
all four from the upper half of the tree leaves the lower half of the tree available 
(i.e., selecting Cs.i - C8,4). Thus, an additional SF 2 code can be used, or two SF 4 
codes, and so forth. By contrast, if Cs.i, Cs.s, Cs.s and Caj are selected as the 
four SF 8 codes, then no additional SF 4 or SF 2 codes can be simultaneously 
used. Techniques for selecting codes so as to reduce code tree fragmentation are 
known in the art. 

[1029] In the prior art, dedicated channels may be assigned a fixed spreading 
factor. When the data rate is constant for the channel, the spreading factor is 
selected to accommodate that rate. When the channel is a variable rate channel, 
such as a variable rate voice or video channel, the fixed spreading factor is set to 
accommodate the highest transfer rate of the channel. In other words, the 
spreading factor required is computed as the chip rate divided by the maximum 
symbol rate. Thus, a channel assigned a spreading factor code in accordance 
with its maximum rate will underutilize the code resource during the time periods 
when rates less than the maximum are used. 
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[1030] Note that the W-CDMA specification supports data transmission on 
multiple channels, i.e., the Dedicated Physical Channel (DPCH) and the Physical 
Downlink Shared Channel (PDSCH). The cdma2000 specification supports similar 
channels, the Fundamental Channel (FCH) and the Supplemental Channel (SCH). 
These channels are assigned static channels. The PDSCH may be assigned a set 
of codes, but the set is static. It can only be updated using network signaling. The 
SCH is fixed, with a single code. Therefore, use of these channels as specified 
may also underutilize the code resource, as described above. 
[1031] As described above, in some earlier systems, the code resource was 
not fully used, and thus assigning a fixed spreading factor associated with a 
maximum rate was no an issue. For example, the capacity of the system was 
interference limited, and the code tree was never exhausted. However, 
developments such as fast power control, transmission diversity, etc., have made 
fonward link transmission more efficient, and thus increased communication 
channels can be supported, requiring additional code resources. 
[1032] As described with respect to FIG. 2, using higher data rates also limits 
the availability of additional channels in the code resource. A number of factors 
may lead to demand for increased rates, thus limiting the supply of available codes 
in the resource. 

[1033] One factor is that signaling may cause the data rate to increase, in IS- 
95 or IS-2000 systems, for example, the maximum data rate for the voice channel 
is fixed. Signaling data is inserted into the data stream where available. Dim-and- 
burst or blank-and-burst signaling, techniques well known in the art, can be used 
without increasing the rate required. Alternate systems, W-CDMA, for example, 
use out of band signaling such that the signaling information is appended to the 
voice traffic frame. This increases the number of bits to transmit in the frame, and 
thus a higher rate, or lower spreading factor is required. 

[1034] Another factor leading to increased data rates can be illustrated with 
voice channels as an example. Well known in the art are vocoding techniques for 
encoding voice into a variable rate data stream. To increase capacity as limited by 
other-user interference, it is desirable to transmit the voice signal with the least 
amount of data required to sustain acceptable voice quality. An example vocoder 
is an Enhanced Variable Rate Codec (EVRC) vocoder. An example EVRC system 
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transmits voice data using eightli, quarter, half, and full rate frames. When a user 
is silent, while listening, for example, eighth rate frames are transmitted. The 
power required to send eighth rate frames, and thus the interference introduced 
into the system, is lower than when higher rate frames are transmitted. When the 
user is speaking, a variety of the higher rate frames are transmitted. In practice, it 
turns out that, on average, eighth rate and full rate frames are used predominantly, 
and quarter and half rate frames are less likely. The average data rate for the 
voice channel is much less than if full rate frames were used exclusively. In a 
typical scenario, the average rate may less than half of the maximum rate, and so 
a capacity improvement is seen due to reduced interference. Note, however, that, 
with a fixed spreading factor, code space limited capacity is the same whether or 
not the average rate is less than full rate. 

[1035] An alternate vocoder has been developed. Selectable Mode Vocoder 
(SMV), which makes more effective use of the medium rates (i.e. quarter and half 
rates), thus reducing the frequency of full rate frames. The result is that the 
average rate of an SMV vocoder may be less than the average rate of an EVRC 
vocoder. From an interference standpoint, the capacity can then be improved. 
Again, however, from a code space standpoint, with a fixed spreading factor code 
assigned to each dedicated voice channel, no improvement is seen with this 
vocoder either. 

[1036] Yet another vocoder has been developed. Wideband Adaptive Multi- 
Rate (WB-AMR), which uses an 8 KHz sampling rate instead of the 4 KHz 
sampling rate used by EVRC and SMV. The result is a very high fidelity voice 
reproduction, with only a modest increase in average data rate. However, the 
maximum rate is substantially higher than for EVRC or SMV, and therefore worse 
for capacity in a code space limited system. 

[1037] The support for additional channels due to interference reduction means 
the code space limitation is more likely to be reached. Furthermore, the higher 
rate channels use more of the code resource. Thus, the trend is that code space 
is becoming limited. 

[1038] FIG. 3 is graph of the spreading factor use of an example dedicated 
channel. In this example, the minimum data rate corresponds to a spreading 
factor of 512, and the maximum rate corresponds to a spreading factor of 4. In a 
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system in which the channelization code is fixed, the maximum data rate will 
dictate the minimum spreading factor, in this case, 4. As shown in this example, 
the minimum spreading factor is used relatively little. The underutilization of the 
code space is indicated by the shaded portion of the graph. Embodiments 
described below illustrate techniques for reclaiming the underutilization of code 
space, thus increasing the effective usable code space, and increasing capacity in 
systems that would othenwise be capacity constrained due to limited code space. 
[1039] FIG. 4 is a block diagram of a wireless communication device, such as 
mobile station 106 or base station 104. The blocks depicted in this example 
embodiment will generally be a subset of the components included in either a base 
station 104 or mobile station 106. Those of skill in the art will readily adapt the 
embodiment shown in FIG. 4 for use in any number of base station or mobile 
station configurations. 

[1040] Signals are received at antenna 410 and delivered to receiver 420. 
Receiver 420 performs processing according to one or more wireless system 
standards, such as the standards listed above. Receiver 420 performs various 
processing such as Radio Frequency (RF) to baseband conversion, amplification, 
analog to digital conversion, filtering, and the like. Various techniques for 
receiving are known in the art. 

[1041] Signals from receiver 420 are demodulated in demodulator 425 
according to one or more communication standards. In an example embodiment, 
a demodulator capable of demodulating W-CDMA signals is deployed. In 
alternate embodiments, alternate standards may be supported, and embodiments 
may support multiple communication formats. Demodulator 430 may perform 
RAKE receiving, equalization, combining, deinterleaving, decoding, or various 
other functions as required by the format of the received signals. Various 
demodulation techniques are known in the art. In a base station 104, demodulator 
425 will demodulate according to the reverse link. In a mobile station 106, 
demodulator 425 will demodulate according to the fonward link. Both data and 
control channels described herein are examples of channels that can be received 
and demodulated in receiver 420 and demodulator 425. Demodulated data may 
be delivered to a data sink, such as a communication application running on 
processor 450, or an externally connected device. Demodulated data may be 
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delivered for further processing in a vocoder to reproduce speech signals, for 
example. 

[1042] Message decoder 430 receives demodulated data and extracts signals 
or messages directed to the mobile station 106 or base station 104 on the fonward 
or reverse links, respectively. Message decoder 430 decodes various messages 
used in setting up, maintaining and tearing down a call (including voice or data 
sessions) on a system. Messages may include channel quality indications, such 
as C/l measurements, ACK/NAK messages, or control channel messages used for 
demodulating the fonward data channel. Messages may include channelization 
code information, examples of which are detailed below. Various other message 
types are known in the art and may be specified in the various communication 
standards being supported. The messages are delivered to processor 450 for use 
in subsequent processing. Some or all of the functions of message decoder 430 
may be carried out in processor 450, although a discrete block is shown for clarity 
of discussion. Alternatively, demodulator 325 may decode certain information and 
send it directly to processor 450 (a single bit message such as an ACK/NAK or a 
power control up/down command are examples). 

[1043] Signals are transmitted via antenna 410. Transmitted signals are 
formatted in transmitter 470 according to one or more wireless system standards, 
such as those listed above. Examples of components that may be included in 
transmitter 470 are amplifiers, filters, digital-to-analog (D/A) converters, radio 
frequency (RF) converters, and the like. Data for transmission is provided to 
transmitter 470 by modulator 465. Data and control channels can be formatted for 
transmission in accordance with a variety of formats. Data for transmission on the 
fonward link data channel may be formatted in modulator 465 according to a rate 
and modulation format indicated by a scheduling algorithm. Similarly, transmitter 
470 may be directed to transmit at a power level in accordance with the scheduling 
algorithm. Various types of channels may be generated and transmitted in 
conjunction with message generator 460, modulator 465, and transmitter 470, and 
may incorporate data from one or data sources of various types, as indicated in 
FIG. 4 as the data source. Examples of components that may be incorporated in 
modulator 465 include encoders, interleavers, spreaders, and modulators of 
various types. 
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[1044] Message generator 460 may be used to prepare messages of various 
types, as described herein. For example, various data frames, described further 
below, may include channelization code Information, as well as other message 
data. Various types of control messages may be generated in either a base 
station 104 or mobile station 106 for transmission on the fonward or reverse links, 
respectively. 

[1045] Data received and demodulated in demodulator 425 may be delivered to 
processor 450 for use in voice or data communications, as well as to various other 
components. Similarly, data for transmission may be directed to modulator 465 
and transmitter 470 from processor 450. For example, various data applications 
may be present on processor 450, or on another processor included in the 
wireless communication device 104 or 106 (not shown). A base station 104 may 
be connected, via other equipment not shown, to one or more external networks, 
such as the Internet (not shown). A mobile station 106 may include a link to an 
external device, such as a laptop computer (not shown). 

[1046] Processor 450 may be a general-purpose microprocessor, a digital 
signal processor (DSP), or a special-purpose processor. Processor 450 may 
perform some or all of the functions of receiver 420, demodulator 425, message 
decoder 430, message generator 460, modulator 465, or transmitter 470, as well 
as any other processing required by the wireless communication device. 
Processor 450 may be connected with special-purpose hardware to assist in these 
tasks (details not shown). Data or voice applications may be external, such as an 
externally connected laptop computer or connection to a network, may run on an 
additional processor within wireless communication device 104 or 106 (not 
shown), or may run on processor 450 itself. Processor 450 is connected with 
memory 455, which may be used for storing data as well as instructions for 
performing the various procedures and methods described herein. Those of skill 
in the art will recognize that memory 455 may be comprised of one or more 
memory components of various types, that may be embedded in whole or in part 
within processor 450. 

[1047] To alleviate the underutilization of code resources, as described above, 
channelization codes may be dynamically allocated for use in communication with 
various mobile stations. An example channel that can be deployed using this 
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technique is the dedicated physical channel (DPCH). The W-CDMA specification 
details such a channel, and similar dedicated channels are described in other 
standards such as IS-95 and IS-2000. The example structure comprises a primary 
DPCH (P-DPCH) and one or more secondary DPCHs (S-DPCH). FIG. 5 depicts 
example primary and secondary dedicated physical channel frames. The 
examples detailed below may include only a subset of the various information 
fields and/or signals deployed in any given embodiment. Those of skill in the art 
will readily adapt the principles taught herein to systems such as those listed 
above, as well as new systems as they are conceived. 

[1048] The primary DPCH is constantly allocated to a mobile station during a 
call. It is spread with the largest supported spreading factor, and is therefore 
transmitted at the lowest supported rate. The primary DPCH is allocated a 
channelization code accordingly. Although the code is allocated throughout the 
duration of the call, since it is as far down the code tree as possible, its allocation 
does not prevent any other codes from being allocated for other purposes. In an 
example W-CDMA system, the maximum spreading factor is 512, although any 
maximum spreading factor may be deployed. In an alternate embodiment, the P- 
DPCH may be allocated a spreading factor smaller than the maximum. In such an 
embodiment, the code space allocation may not be optimum, but the advantages 
of the present invention can still be attained. This alternative is not detailed further 
in the following discussion. Those of skill in the art will readily adapt the 
embodiments described herein to this situation. 

[1049] The DPCH may be used to transmit a variable rate signal. One example 
is a vocoded voice channel, as described above. When a frame of the variable 
rate signal is the lowest supported rate, the P-DPCH may be sufficient to carry the 
entire frame. When the frame rate is higher than the lowest supported rate, a 
portion of the frame may be transmitted on the P-DPCH, and the remainder may 
be transmitted on one or more S-DPCHs. A channelization code indicator (CCI) 
may be transmitted on the P-DPCH that identifies a S-PDCH when one is used, or 
indicates that no secondary channel is necessary. These features are detailed 
further below. 

[1050] FIG. 5 shows a frame on the primary DPCH filling a DPCH slot and 
transmitted using the maximum spreading factor, i.e. the lowest rate. A shaded 
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CCI field is shown whicli indicates the channelization code for the secondary 
DPCH that will be transmitted during the next slot. Delaying the S-DPCH by one 
slot eliminates the need to buffer data while the CCI is decoded. In an alternate 
embodiment the S-DPCH may be transmitted in the concurrent slot (details not 
shown). The CCI may be located anywhere within the slot. In an example W- 
CDMA deployment, the P-DPCH may transmit other information such as a power 
control bit or one or more pilot bits. 

[1051] Various data formats may be used for transmission on a DPCH. For 
example, in a W-CDMA system, various transport format combinations (TFCs) 
may be supported. A transport format combination indicator (TFCI) may be used 
to identify the transmission format. The term TFCI is used herein to denote any 
transmission format indicator, the W-CDMA TFCI is used as an example only. In 
an example embodiment, a TFCI is not transmitted on the P-DPCH when a CCI 
indicator is used to identify a secondary channel. In this fashion, the CCI can use 
the bits that would otherwise be allocated to the TFCI. The mobile station can use 
blind detection to determine the format of the P-DPCH, a technique well known in 
the art. Another alternative is to include a bit to indicate whether the subsequent 
bits include a channelization code for the secondary channel, or include a TFCI for 
the primary channel. Various combinations of channelization code or transport 
format information can be contemplated all of which fall within the scope of the 
present invention. 

[1052] The secondary DPCH frame may include a TFCI for the frame, as 
shown in FIG. 5. Alternatively, blind format detection could be employed for the 
secondary channel as well. Knowledge of the spreading factor for the secondary 
channel, as indicated in the CCI, may reduce the number of hypotheses required 
for blind format detection. 

[1053] Any number of secondary channels can be deployed. For example, a 
second CCI could be included in one secondary channel to identify the location of 
another secondary channel, in the same manner as the primary channel identifies 
the secondary. Any number of secondary channels may be serially identified. Or, 
any one of the CCIs described herein could include multiple channelization codes 
to identify multiple secondary channels. Myriad such combinations will be readily 
identified by those of skill in the art in light of the teaching herein. 
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[1054] It can be seen that variable rate data can be transmitted on a dedicated 
channel using a primary channel and one or more secondary channels, examples 
of which are shown in FIG. 5. The primary channel is allocated a fixed code, thus 
the channel is dedicated to the mobile station. The secondary channel can be 
dynamically allocated using different spreading factors during subsequent frames. 
As such, the allocation of the code resource can be made to support the rates 
actually being used, rather than to compensate for the maximum rate of the 
variable rate data. Therefore, the underutilization of the code resource, an 
example of which is depicted in FIG. 3, can be mitigated. 

[1055] FIG. 6 shows an example embodiment for generating primary and 
secondary channels, such as those depicted in FIG. 5. Channel mapping block 
610 receives variable rate data from a data source (i.e. a variable rate vocoder). 
Each frame of the received data is segmented into two data channels, primary and 
secondary. The amount of data apportioned to the primary channel is determined 
according to the fixed data rate supported on that channel. In an example 
embodiment, the fixed data rate is the lowest supported rate. The remainder of 
the data is apportioned to the secondary channel. Note that, in alternate 
embodiments, more than one secondary channel may be deployed. The rate of 
the secondary channel may vary depending on the rate of the variable rate data 
frame being mapped. In the example embodiment, the rate of the data can vary 
frame by frame. 

[1056] The rate required for the secondary channel, or, equivalently, a required 
spreading factor, is determined. Channel mapping block 610 is shown connected 
to an external network. An available code at the required rate (or with the required 
spreading factor) is delivered to the channel mapping block 610 in response to the 
required rate for the current frame of data being prepared for transmission on the 
secondary channel. The allocated code may be included in the CCI and 
transmitted on the primary DPCH, as described above with respect to FIG. 5. In 
an example embodiment, a base station 104, such as one depicted in FIG. 4, may 
deploy the functionality of channel mapping block 610 across various of its 
components. For example, processor 450 may be used to run the channel 
mapping process, with the primary and secondary channels generated by 
modulator 465 and transmitter 470 in conjunction with the desired channelization 
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codes. Message generator 460 may be used to prepare messages including the 
cel. Those of skill in the art will readily adapt the principles disclosed herein to 
myriad wireless communication devices currently known in the art as well as those 
yet to be developed. 

[1057] Any technique for code allocation may be deployed within the scope of 
the present invention. In an example system, each base station may support 
multiple dedicated physical channels with multiple mobile stations. In an example 
W-CDMA embodiment, the network allocates the available channelization code 
resource to the various mobile stations, based on the instantaneous traffic of each 
mobile station, using the Node-B Medium Access Control (MAC) entity. If the 
network is synchronized, then the code resource can be efficiently allocated to 
each mobile station simultaneously. Asynchronous networks may also be 
supported, although a more complex scheduling algorithm may be needed, and 
the code resource utilization may not be as efficient as with a synchronous 
network. 

[1058] While various embodiments described herein have assumed a fixed 
spreading factor for the primary DPCH, it should be noted that, according to 
certain procedures defined for the DPCH operation, the spreading factor for the 
primary DPCH may be changed occasionally. An example of such a procedure is 
the compressed mode operation defined in the W-CDMA specification that allows 
the network to temporarily halve the spreading factor of the DPCH in order to 
create some gap in the frame transmission while maintaining the same symbol 
rate. An example of such a scenario is shown in FIG. 9, labeled PRIOR ART. 
[1059] Such a procedure would not interfere with the embodiments described 
herein. The corresponding example is depicted in FIG. 9, labeled OPTION A. 
However, the compressed mode procedure may be improved using techniques 
disclosed herein as follows. Instead of halving the spreading factor for the primary 
DPCH, the system could maintain the same spreading factor for the primary 
DPCH and adjust the secondary DPCH spreading factor such that all the data can 
be mapped on the primary DPCH and secondary DPCH, taking into account the 
transmission gaps An example of such a scenario is shown in FIG. 9, labeled 
OPTION B. 
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[1060] Another consideration is soft iiancioff. A mobile station in soft handoff 
may be receiving the DPCH from more than one base station. In the example 
embodiment, the channelization code allocation is not coordinated, and therefore 
the channelization codes assigned for either the P-DPCH or S-DPCH may, in 
general, be different. Accordingly, the CCI received from each base station may 
be different. In this situation, the CCI bits may not be combinable, and so an 
increased power offset may be introduced to the CCI during soft handoff to provide 
adequate power for reliable transmission of the CCI. This effect is similar to the 
effect of other fields in the transmitted frame, such as power control bits. 
Alternatively, the channelization code resource may be coordinated between base 
stations. 

[1061] FIG. 7 depicts a flowchart of an example embodiment of a method of 
transmitting a variable rate signal with dynamic channelization code allocation. 
The process starts at decision block 710. If the rate of the current frame for 
transmission is greater then the minimum supported rate, or, in other words, the 
frame data is larger than would fit in one minimum rate frame, including header 
and other information, proceed to step 730. If the frame can be transmitted at the 
minimum rate (or largest spreading factor), proceed to step 720. 
[1062] In step 720, transmit the frame on the primary DPCH with a CCI 
indicating no secondary DPCH is necessary. Various alternatives for formatting 
such a frame are detailed above with respect to FIG. 5. Proceed to decision block 
770. In decision block 770, if there are one or more additional frames awaiting 
transmission, return to decision block 710 to repeat the process for the next frame. 
If there are no additional frames awaiting transmission, the process can stop. 
[1 063] Steps 730 - 760 are example steps for transmitting variable rate data on 
two channels. Various alternate embodiments will be apparent to those of skill in 
the art in light of the teaching herein. In step 730, the frame is split into primary 
and secondary data. The amount of primary data will be determined according to 
the amount of data that can be transmitted in a frame on the primary DPCH at the 
minimum supported rate. The remainder of the data can be apportioned as 
secondary data. In alternate embodiments, more than one secondary channel 
may be deployed, and therefore the remainder of data will be apportioned into 
multiple segments of secondary data, accordingly. Proceed to step 740. 
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[1064] In step 740, the rate required for transmission of \he secondary data is 
determined. If more than one secondary channel will be deployed, a rate for each 
channel may be determined, and each channel need not have the same rate. The 
rate of a secondary channel may be equal to or greater than the rate of the 
primary channel. In an alternate embodiment, in which the primary channel is 
transmitted at a rate higher than the minimum supported rate, the secondary 
channels may be at a lower rate than the primary channel. A code is selected with 
a spreading factor appropriate for the desired rate. The code may be selected 
from the available code resource, which is shared with other users in the system, 
as described above with respect to FIG. 6. The code or codes for one or more 
secondary channels may be selected according to the available codes. For 
example, if a single higher rate code, required to transmit the secondary data on a 
single secondary channel, is not available, the secondary data may be transmitted 
on more than one secondary channels, using more than one lower rate codes that 
may be available. Proceed to step 750. 

[1065] In step 750, transmit the primary data on the primary DPCH using the 
dedicated fixed code assigned to the primary DPCH. In the example embodiment, 
the maximum spreading factor, i.e. lowest rate, is used for the primary DPCH. In 
addition, transmit a CCI identifying the secondary DPCH. Alternatives include 
transmitting multiple CCIs in the case of multiple secondary channels. Proceed to 
step 760. 

[1066] In step 760, transmit the secondary data on a secondary DPCH (or 
more than one secondary DPCH) at a spreading factor according to the 
determined rate. In the example embodiment, the CCI indicates the 
channelization code of the secondary DPCH, thus identifying a spreading factor 
and an index, as shown in FIG. 2. Note that the secondary data transmission may 
vary in rate from frame to frame, and may not be sent at all during a frame when 
the primary channel is sufficient to transmit the frame. In the example 
embodiment, transmission of the secondary data is delayed by one frame from the 
transmission of the primary data, so that buffering is not required while the CCI is 
received and decoded. Proceed to decision block 770, to determine if additional 
frames await transmission. If so, return to decision block 710 to process the next 
frame, as just described. If not, the process may terminate. 
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[1067] FIG. 8 depicts a flowchart of an example embodiment of a method of 
receiving a variable rate signal with dynamic channelization code allocation. The 
process begins in step 810. A frame of data is received on the dedicated primary 
DPCH. The primary DPCH may be received using a receiver 420 and 
demodulator 425, as described above with respect to FIG. 4, using the P-DPGH 
channelization code assigned. The transmitted CGI may also be received and 
decoded. Proceed to decision block 820. 

[1068] In decision block 820, if the GGI, or alternate signal, as described above 
with respect to FIG. 5, indicates a secondary channel will be transmitted, proceed 
to step 830. If not, the full frame has been received on the P-DPCH. Proceed to 
decision block 840 to determine if additional frames await reception. If so, return 
to step 810 to process the next frame as just described. If not, the process may 
stop. 

[1069] If a secondary channel will be used for the frame, in step 830, receive 
the secondary channel using the channelization code, Csp.index, identified in the 
GGI. The secondary frame may be delayed from the transmission of the primary 
frame, as described above. The received primary and secondary frame data may 
be combined to form the variable rate frame. Proceed to decision block 840, to 
process additional frames, if any. Othenwise, the process may stop. 
[1070] It should be noted that in all the embodiments described above, method 
steps may be interchanged without departing from the scope of the invention. The 
descriptions disclosed herein have in many cases referred to signals, parameters, 
and procedures associated with the W-GDMA standard, but the scope of the 
present invention is not limited as such. Those of skill in the art will readily apply 
the principles herein to various other communication systems. These and other 
modifications will be apparent to those of ordinary skill in the art. 
[1071] Those of skill in the art will understand that information and signals may 
be represented using any of a variety of different technologies and techniques. 
For example, data, instructions, commands, information, signals, bits, symbols, 
and chips that may be referenced throughout the above description may be 
represented by voltages, currents, electromagnetic waves, magnetic fields or 
particles, optical fields or particles, or any combination thereof. 
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[1072] Those of skill will further appreciate that the various illustrative logical 
blocks, modules, circuits, and algorithm steps described in connection with the 
embodiments disclosed herein may be implemented as electronic hardware, 
computer software, or combinations of both. To clearly illustrate this 
interchangeability of hardware and software, various illustrative components, 
blocks, modules, circuits, and steps have been described above generally in terms 
of their functionality. Whether such functionality is implemented as hardware or 
software depends upon the particular application and design constraints imposed 
on the overall system. Skilled artisans may implement the described functionality 
in varying ways for each particular application, but such implementation decisions 
should not be interpreted as causing a departure from the scope of the present 
invention. 

[1073] The various illustrative logical blocks, modules, and circuits described in 
connection with the embodiments disclosed herein may be implemented or 
performed with a general purpose processor, a digital signal processor (DSP), an 
application specific integrated circuit (ASIC), a field programmable gate array 
(FPGA) or other programmable logic device, discrete gate or transistor logic, 
discrete hardware components, or any combination thereof designed to perform 
the functions described herein. A general-purpose processor may be a 
microprocessor, but in the alternative, the processor may be any conventional 
processor, controller, microcontroller, or state machine. A processor may also be 
implemented as a combination of computing devices, e.g., a combination of a DSP 
and a microprocessor, a plurality of microprocessors, one or more 
microprocessors in conjunction with a DSP core, or any other such configuration. 
[1074] The steps of a method or algorithm described in connection with the 
embodiments disclosed herein may be embodied directly in hardware, in a 
software module executed by a processor, or in a combination of the two. A 
software module may reside in RAM memory, flash memory, ROM memory, 
EPROM memory, EEPROM memory, registers, hard disk, a removable disk, a 
CD-ROM, or any other form of storage medium known in the art. An exemplary 
storage medium is coupled to the processor such the processor can read 
information from, and write information to, the storage medium. In the alternative, 
the storage medium may be integral to the processor. The processor and the 
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Storage medium may reside in an ASIC. The ASIC may reside in a user terminal. 
In the alternative, the processor and the storage medium may reside as discrete 
components in a user terminal. 

[1075] The previous description of the disclosed embodiments is provided to 
enable any person skilled in the art to make or use the present invention. Various 
modifications to these embodiments will be readily apparent to those skilled in the 
art, and the generic principles defined herein may be applied to other 
embodiments without departing from the spirit or scope of the invention. Thus, the 
present invention is not intended to be limited to the embodiments shown herein 
but is to be accorded the widest scope consistent with the principles and novel 
features disclosed herein. 
[1 076] WHAT IS CLAIMED IS: 
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CLAIMS 

1 . An apparatus, comprising: 
a ciiannel mapper for: 

receiving a variable rate data frame; 

apportioning the variable rate data frame into a primary data block 
and one or more secondary data blocks, the primary data block sized for 
transmission at a fixed rate, the one or more secondary data blocks 
comprising the remainder of the variable rate data frame; 

determining one or more secondary rates in accordance with the one 
or more secondary data blocks; 

forming a primary data frame comprising the primary data block and 
an indicator identifying a code associated with at least one of the secondary 
rates; and 

forming one or more secondary data frames comprising the one or 
more secondary blocks; respectively. 

2. The apparatus of claim 1 , further comprising a transmitter for: 
transmitting the primary data frame on a primary channel with a dedicated 

code associated with the fixed rate; and 

transmitting the one or more secondary data frames on one or more 
secondary channels with codes associated with the one or more secondary rates, 
respectively. 

3. An apparatus, comprising: 

a receiver for receiving a first fixed rate channel comprising a variable code 
indicator and for receiving a second variable rate channel according to the variable 
secondary code indicator. 

4. The apparatus of claim 3, wherein the receiver further combines a frame of 
data from the first fixed rate channel with a frame of data from the second variable 
rate channel to form a variable rate data frame. 
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5. An apparatus, comprising: 

a control processor for partitioning a variable rate data stream into a fixed 
rate data stream and a variable rate data stream, each frame of the fixed rate data 
stream comprising a first portion of a frame of the variable rate data stream and an 
indicator identifying a code associated with a corresponding second portion of the 
variable rate data frame, and the variable rate data stream comprising the 
respective second portions of the variable rate data frames. 

6. A wireless communication system, comprising: 
a channel mapper for: 

receiving a variable rate data frame; 

apportioning the variable rate data frame into a primary data block 
and one or more secondary data blocks, the primary data block sized for 
transmission at a fixed rate, the one or more secondary data blocks 
comprising the remainder of the variable rate data frame; 

determining one or more secondary rates in accordance with the one 
or more secondary data blocks; 

forming a primary data frame comprising the primary data block and 
an indicator identifying a code associated with at least one of the secondary 
rates; and 

forming one or more secondary data frames comprising the one or 
more secondary blocks; respectively. 

7. A wireless communication system, comprising: 

a receiver for receiving a first fixed rate channel comprising a variable code 
indicator and for receiving a second variable rate channel according to the variable 
secondary code indicator. 

8. A method for transmitting a variable rate data frame, comprising: 
apportioning the variable rate data frame into a primary data block and one 

or more secondary data blocks, the primary data block sized for transmission at a 
fixed rate, the one or more secondary data blocks comprising the remainder of the 
variable rate data frame; 
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determining one or more secondary rates in accordance with tlie one or 
more secondary data blocl<s; 

forming a primary data frame comprising tlie primary data blocl< and an 
indicator identifying a code associated with at least one of the secondary rates; 
and 

forming one or more secondary data frames comprising the one or more 
secondary blocl^s, respectively. 

9. The method of claim 8, further comprising: 

transmitting the primary data frame on a primary channel with a dedicated 
code associated with the fixed rate; and 

transmitting the one or more secondary data frames on one or more 
secondary channels with codes associated with the one or more secondary rates, 
respectively. 

1 0. A method for receiving a variable rate signal, comprising: 

receiving a first fixed rate channel comprising a variable code indicator; and 
receiving a second variable rate channel according to the variable 
secondary code indicator. 

1 1 . The method of claim 10, further comprising combining a frame of data from 
the first fixed rate channel with a frame of data from the second variable rate 
channel to form a variable rate data frame. 

1 2. A method for generating primary and secondary data streams, comprising: 
partitioning a variable rate data stream into a fixed rate data stream and a 

variable rate data stream, each frame of the fixed rate data stream comprising a 
first portion of a frame of the variable rate data stream and an indicator identifying 
a code associated with a corresponding second portion of the variable rate data 
frame, the variable rate data stream comprising the respective second portions of 
the variable rate data frames. 

13. A method for transmitting a variable rate signal comprising a plurality of 
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frames, the rate of each frame corresponding to one of a plurality of supported 
rates, the method comprising: 

identifying a first portion of a frame suitable for transmission at the lowest 
supported rate, the first portion being the entire frame when the frame rate is the 
lowest supported rate; 

transmitting the first portion of the frame on a first channel with a fixed code, 
the rate of the fixed code being the lowest supported rate; 

determining a second code such that the rate of the second code is 
sufficient to transmit a second portion of the frame when the frame rate is greater 
than the lowest supported rate; 

transmitting a code indicator on the first channel, the code indicator 
identifying the second code when the frame rate is greater than the lowest 
supported rate and indicating no second code when the frame rate is equal to the 
lowest supported rate; and 

transmitting the second portion of the frame on a second channel in 
accordance with the second code when the frame rate is greater than the lowest 
supported rate. 

14. The method of claim 13, wherein the second portion of the frame is the 
remainder of the frame without the first portion. 

1 5. The method of claim 1 3, further comprising: 

identifying one or more third portions of the frame, the one or more third 
portions comprising the remainder of the frame without the first and second 
portions; 

determining one or more third codes, the rates of which are suitable for 
transmission of the one or more third portions of the frame, respectively; 

transmitting the one or more third portions of the frame on one or more third 
channels in accordance with the one or more third codes, respectively; and 

transmitting a second code indicator on the second channel, the second 
code indicator identifying one or more of the third codes. 

16. The method of claim 15, further comprising transmitting a third code 
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indicator identifying one or more of tlie third codes on one or more of tine third 
channels. 

17. A method for receiving a variable rate signal comprising a plurality of 
frames, the rate of each frame corresponding to one of a plurality of supported 
rates, the method comprising: 

receiving a first portion of the frame on a first channel with a fixed first code, 
the rate of the first fixed code being the lowest supported rate; 

decoding a code indicator from the received first portion of the frame, the 
code indicator identifying a second code when the frame rate is greater than the 
lowest supported rate and indicating the received first portion of the frame is the 
entire frame when the frame rate is the lowest supported rate; and 

receiving a second portion of the frame on a second channel in accordance 
with the second code when the code indicator identifies a second code. 

18. The method of claim 17 further comprising: 

decoding a second code indicator from the received second portion of the 
frame, the second code indicator identifying one or more third codes; and 

receiving one or more third portions of the frame on one or more third 
channels in accordance with the one or more third codes, respectively. 

1 9. An apparatus, comprising: 

means for apportioning a variable rate data frame into a primary data block 
and one or more secondary data blocks, the primary data block sized for 
transmission at a fixed rate, the one or more secondary data blocks comprising the 
remainder of the variable rate data frame; 

means for determining one or more secondary rates in accordance with the 
one or more secondary data blocks; 

means for forming a primary data frame comprising the primary data block 
and an indicator identifying a code associated with at least one of the secondary 
rates; and 

means for forming one or more secondary data frames comprising the one 
or more secondary blocks, respectively. 
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20. An apparatus, comprising: 

means for receiving a first fixed rate cliannel comprising a variable code 
indicator; and 

means for receiving a second variable rate channel according to the 
variable secondary code indicator. 

21 . An apparatus, comprising: 

means for partitioning a variable rate data stream into a fixed rate data 
stream and a variable rate data stream, each frame of the fixed rate data stream 
comprising a first portion of a frame of the variable rate data stream and an 
indicator identifying a code associated with a corresponding second portion of the 
variable rate data frame, the variable rate data stream comprising the respective 
second portions of the variable rate data frames. 

22. A wireless communication system, comprising: 

means for apportioning a variable rate data frame into a primary data block 
and one or more secondary data blocks, the primary data block sized for 
transmission at a fixed rate, the one or more secondary data blocks comprising the 
remainder of the variable rate data frame; 

means for determining one or more secondary rates in accordance with the 
one or more secondary data blocks; 

means for forming a primary data frame comprising the primary data block 
and an indicator identifying a code associated with at least one of the secondary 
rates; and 

means for forming one or more secondary data frames comprising the one 
or more secondary blocks, respectively. 

23. A wireless communication system, comprising: 

means for receiving a first fixed rate channel comprising a variable code 
indicator; and 

means for receiving a second variable rate channel according to the 
variable secondary code indicator. 

24. A wireless communication system, comprising: 
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means for partitioning a variable rate data stream into a fixed rate data 
stream and a variable rate data stream, each frame of the fixed rate data stream 
comprising a first portion of a frame of the variable rate data stream and an 
indicator identifying a code associated with a corresponding second portion of the 
variable rate data frame, the variable rate data stream comprising the respective 
second portions of the variable rate data frames. 

25. Processor readable media operable to perform the following steps: 
apportioning a variable rate data frame into a primary data block and one or 

more secondary data blocks, the primary data block sized for transmission at a 
fixed rate, the one or more secondary data blocks comprising the remainder of the 
variable rate data frame; 

determining one or more secondary rates in accordance with the one or 
more secondary data blocks; 

forming a primary data frame comprising the primary data block and an 
indicator identifying a code associated with at least one of the secondary rates; 
and 

forming one or more secondary data frames comprising the one or more 
secondary blocks, respectively. 

26. Processor readable media operable to perform the following steps: 
receiving a first fixed rate channel comprising a variable code indicator; and 
receiving a second variable rate channel according to the variable 

secondary code indicator. 

27. Processor readable media operable to perform the following steps: 

partitioning a variable rate data stream into a fixed rate data stream and a 
variable rate data stream, each frame of the fixed rate data stream comprising a 
first portion of a frame of the variable rate data stream and an indicator identifying 
a code associated with a corresponding second portion of the variable rate data 
frame, the variable rate data stream comprising the respective second portions of 
the variable rate data frames. 
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